Accelerator requirements for pulsed spallation neutron sources are stated.
I. Introduction
Slow neutrons have unique properties that make them excellent probes into the microscopic nature of a broad range of physical, chemical, and biological phenomena.
They have the ability to penetrate bulk matter.
Their low energy and short wavelength are well-matched to the ranges of interest in condensed matter.
They couple to magnetic systems through their magnetic moment.
They have relatively strong interaction with light atoms like hydrogen and carbon and have particularly strong isotope-dependent interactions with the light atoms.'
The study of condensed matter using neutrons has been centered at nuclear reactor centers where special provisions have been made to allow neutron beam tubes and experimental areas for research. These sources have provided neutron scattering scientists with the opportunity to do some excellent research.
Inelastic neutron scattering studies, processes in which the neutron exchanges both energy and momentum, are used to study the spectrum of excitations of a condensed matter system at a microscopic level. Such techniques have led to the intricate knowledge of the existence and spectrum of phonons, enabling the construction of sophisticated theories of bonding and cohesion of metals, semiconductors, and insulators. Electron-phonon interactions, vital to the understanding of transport and superconducting processes of metals, have been probed by inelastic neutron scattering.'
Neutron diffraction is concerned with the structural arrangement of the atomic particles in a material, and the relation of this arrangement to its physical and chemical properties. Neutron diffraction has had a major impact on the study of homogeneous catalysts, metal hydrides, hydrogen-bonded materials, solid electrolytes, ferroelectrics, antiferroelectrics, organic compounds, ferro-, antiferro-, and ferri-magnetic materials, and polymers. These tech- which deleteriously impacts on the resolution of time-of-flight measurements. This shortcoming will be overcome when a new storage ring currently starting construction will be completed.
This facility, with the addition of the storage ring, will have the potential to increase the peak flux as much as a factor of 4 or 5 over the projections of the IPNS-I facility at Argonne. The funds for construction of the PSR have now been released.
In June 1977, the British government announced the decision to fund construction of the Spallation Neutron Source (SNS) at the Rutherford Laboratory. Construction has started and major procurements are in process. This facility will be the largest pulsed spallation source in the world when it becomes operational in the mid-80's.
The design goal is a timeaveraged proton current of 200 pA on target at 800 MeV. The pulse repetition rate will be 50 Hz.
A reference design for an advanced pulsed spallation neutron source is presently being jointly devel-Germany; known as the German spallation source project (SNQ). This reference design was started after a recommendation to pursue a spallation source was delivered by a special panel appointed by the German minister for research and technology. The reference design is based on an 1100 MeV proton linac with an average current of 5 mA on target. A compressor ring is considered for producing narrow pulses for time-offlight measurements.
II. Accelerator Requirements for Pulsed Spallation Sources
The four important parameters that establish the requirements for the accelerator are the intensity, energy, pulse length, and repetition rate.1 The intensity is a parameter that is naturally maximized within the economic and scientific constraints of the system.
The energy of the accelerator is determined from target and moderator considerations. The yield of neutrons from the target is roughly proportional to E-120 where E is the proton energy in megavolts. The energy of the neutrons emitted from the target surface is reduced by several orders of magnitude by using polyethylene, liquid hydrogen, or liquid methane moderators in close coupling to the target. Reflectors are added to increase the low energy neutron flux.
The optimal proton energies are in the range of a few hundred megavolts to a couple of gigaelectronvolts.
The moderators are limited in size to avoid excessive time spreading of the neutron pulse.
The yield tends to be linear with E-120 for energies up to 2 GeV, but levels off at higher energies because of range and moderator effects.
The energy resolution of neutron diffractometers is affected by the pulse width of proton beam.
Calculations performed by Carpenterl indicate that this effect doesn't alter precision much if the extracted pulse is about 500 ps or less.
The repetition rate between pulses is defined by minimum and maximum energies that are to be measured in a given spectrometer and the distance from the source.
Typically, the desired repetition rates are in the range of 10 to 100 Hz, which allow an energy bandwidth of about 10 in typical spectrometers without the high energy neutrons overlapping with the low energy neutrons from the previous pulse. IPNS-I, ANL, USA An overview of the IPNS-I facility is shown in Fig. 1 The intensity improvements were, in part, the result of programmable power supplies for the sextupole correction magnets.
The chromaticity was observed, changing from negative to positive in the region of 14-15 ms after injection.
In addition, split electrode measurements indicated time variations of the charge distribution within the RF bucket.5 Other contributions to the intensity improvement were due to injection and RF capture studies.
Programmable octupole magnets and an improved extraction kicker magnet system are presently being installed.
Reliable operation with over 8 pA and efficient extraction at 500 MeV is anticipated after the initial commissioning period with the new IPNS-I target facility.
The IPNS-I target consists of a zirconium-clad uranium target with fifteen horizontal beam tubes for neutron scattering research and a tantalum or uranium neutron irradiation target with four vertical beam tubes for neutron damage research.
A prototype for the uranium target was developed on the ZING-PI facility.
A liquid hydrogen moderator was tested on ZING-P' and a similar one will be included in IPNS-I. A proton storage ring (PSR) currently under construction will act as an accumulator ring to convert the 100 to 750 ps pulses into submicrosecond pulses.8 Two different operating modes are under consideration.
The long-bunch low-frequency (LBLF) mode is the one most applicable to neutron scattering physics.
The proposed LBLF mode would accumulate an entire linac macropulse, bunch it into a single 270 ns bunch and extract it in one turn. The pulse repetition rate would be 12 Hz.
The time-averaged current on target would be 100 pA. A photograph of one of the doublet magnets with a trim quadrupole on concrete support base is shown in Fig. 4 About 20 MW at 108 MHz of RF peak power would be needed to feed the Alvarez tanks, and about 260 MW at 324 MHZ would be needed to feed the disk-andwasher structures. -~~~~~~~~~~~~G Bauer).ru hydraulische Lager
